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INTRODUCTION
Clinical presentation of Mycobacterium tuberculosis complex (MTBC) and non-tuberculous mycobacteria (NTM) infections may be similar, [1] but treatment is always different. [2] NTM are inherently resistant to conventional anti-tuberculosis drugs, hence often misdiagnosed as multidrug-resistant tuberculosis. [1] With the increasing number of clinical NTM infections, accurate differentiation between MTBC and NTM is crucial. [1] Conventional phenotypic identification methods are cumbersome, while genotypic methods require expertise and substantial monetary and infrastructural investment. Hence, TBMPT64 antigen-based immunochromatography assays (MPT64 ICT) offer promise in rapid and cost-effective differentiation. [1] [2] [3] [4] [5] [6] Another key differentiating factor between MTBC and NTM is the distinctive chording that MTBC exhibit during growth in liquid culture. [7] [8] [9] The aim of this study was to assess in parallel, the utility of a commercial MPT64 ICT and bacillary morphology on liquid culture smear, for rapid differentiation between MTBC and NTM in clinical isolates.
SUBJECTS AND METHODS
The study was prospectively carried out at a private sector reference laboratory in Mumbai. The Mycobacteriology section is a biosafety level three laboratory, accredited by NABL, CAP, and RNTCP for
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Study duration: Five months During the study period, 5082 consecutive clinical specimens were processed for mycobacterial culture using Mycobacteria Growth Indicator Tube (MGIT) 960 liquid culture system (Ms. BDLtd., USA).All specimens were digested and decontaminated by the N-acetyl-L-cysteine-NaOH method. A volume of 0.5 ml of the processed specimen was inoculated into MGIT 960 vials, supplemented as described by the manufacturer, [10] and 0.5 ml onto Lowenstein-Jensen (LJ) medium slants. All inoculated MGIT vials were incubated in the MGIT 960 instrument either until they flagged positive on the instrument or for a maximum of 6 weeks. L. J medium slants were examined biweekly, for 8 weeks, for the visible appearance of colonies.
Of the total specimens processed, all MGIT vials that flagged positive were subjected to smear preparation and Ziehl-Neelsen (ZN) staining. Smears were observed microscopically for the presence of mycobacteria and morphological patterns (serpentine chords, single cells, etc.,).
Once mycobacterial growth was confirmed on ZN stained culture smear, each isolate was subjected to the following tests: All tests were performed as per the respective manufacturer instructions. [10] [11] [12] The interpretative criteria used for above four tests and quality control are shown in Table 1 .
Statistical analysis
PNB, nitrate, and niacin tests were considered as the gold standard for MTBC identification. The sensitivity and specificity of MPT64 ICT and liquid culture smear morphology were calculated using two-by-two tables.
RESULTS
One thousand ninety-three mycobacterial isolates were recovered, of which 886 were from pulmonary specimens and 207 from extrapulmonary sources.
Using PNB, nitrate, and niacin methods, 1014 isolates were identified as MTBC and 79 as NTM.
As seen in Table 2 , MPT64 ICTcorrectly identified 955/1014 MTBC and all (79) NTM isolates, yielding a sensitivity and specificity of 94.2% and 100%, respectively. Table 3 shows the correlation between Liquid culture smear and MPT64 ICT, vis-a-vis reference phenotypic method. Sensitivity and specificity of chording as a presumptive marker of MTBC and bunches/singles as a marker of NTM, was found to be 98.1%, 82.3%, respectively.
DISCUSSION
MPT64 ICT
Mycobacterium tuberculosis MTBC protein 64 (MPT-64) or Rv1980c antigen is a 24kDa secretary protein secreted by MTBC. [1, 2, 5] It is found only in viable and actively dividing cells. [1, 2, 5] Once secreted into the culture medium, it is stable for at least one year. [1] MPT64 ICT was found to be reliable in this study to differentiate between MTBC and NTM. The test was easy to perform, relatively inexpensive, and rapid.
As shown in Table 2 , 59/1014 MTBC isolates had negative MPT64 ICT results. Since tests were performed on fresh isolates, i.e., 24-48 h of MGIT culture flagging positive, false negativity could not be attributed to nonviability or older cultures. Likely causes of the false negativity could be (1) mutations within the mpt64 gene, leading to the production of an incomplete protein, (2) low-level expression of the antigen, and (3) lack of MPT64 production in some Mycobacterium bovis substrains. [1, [4] [5] [6] Studies report MPT64 ICT specificity of 100% with sensitivities ranging from 96 to 100%. [1] [2] [3] 5] Specificity of MPT64 ICT in this study was comparable to other studies, but sensitivity was slightly lower. No particular reason could be identified for the same.
Morphology on liquid culture smear MTBC grow as tight, rope-like aggregates of acid-fast Bacilli with the bacterial long axes parallel to the cord long axes, commonly described as chording. This effect is caused by the mycolic acid-containing molecules and is implicated in mechanisms responsible for rendering Mycobacterium tuberculosis complex (MTC) virulent. On the other hand, NTM is scattered or dispersed without any orientation. [13, 14] Several studies document that MTBC yields serpentine cording in liquid medium with a sensitivity of 23-95% and a specificity of 95-100%. [7] [8] [9] [13] [14] [15] In this study, the high sensitivity of chording allowed early presumptive identification of MTBC. Culture smear morphology, however, lacked sufficient specificity. Likely causes for MTC appearing in singles or bunches could be (1) paucity of AFB that may be misread as the absence of cording [13] and (2) too early time-to-detection of MGIT culture to form serpentine cording. [7] NTM species that can form chords include Mycobacterium avium-intracellulare, Mycobacterium gordonae, Mycobacterium chelonae, Mycobacterium phlei, Mycobacterium terrae, and Mycobacterium kansasii. [9, 14] Incomplete cords produced by NTM may sometimes be read as true cords due to interpersonal subjectivity. [13, 14] Hence, culture smear morphology, inspite of high sensitivity, cannot be used as a sole test for MTBC/ NTM differentiation, a finding expressed by other researchers. [8] 
CONCLUSION
This study points out that additional phenotypic/molecular testing for MTBC/NTM differentiation is required for some percentage of MPT64 ICT negative isolates. It will be incorrect to label all MPT64 ICT negative isolates as NTM, as it will have an adverse effect on patient treatment. Correlation of MPT64 ICT results with bacillary morphology on liquid culture smear is thus found to be useful in routine laboratory practice. The presence of chording in MPT64 ICT positive isolates obviates the need for any further testing to confirm identity. Furthermore, in MPT64 ICT negative isolates, bacillary morphology can help to determine the need of additional phenotypic/molecular testing and guide on the type of nucleic probe to be used for confirmatory identification, thereby improving reporting accuracy in a cost effective manner.
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